 Coastal zones cross physical (land-sea) and administrative (between countries) boundaries.  Coastal zone management requires connections across disciplines and areas of expertise.  Coastal practitioners need tools and frameworks to support cross-boundary problemsolving.  DPSIR provides structure for knowledge elicitation and sharing and integrated management.  DPSIR works across socio-ecological systems at multiple scales.
Introduction

1
Coastal zones are recognized as areas that embody the term cross-boundary: land-sea 2 boundaries, socio-institutional boundaries, focal areas for contrasting human enterprise, and 3 interfaces amongst ecosystem types. Such complex systems create challenges for 4 sustainability because the multitude of interacting biophysical, social, cultural, and economic 5 drivers and processes require simplification to understand and manage. Coastal zones are 6 threatened by a host of stressors that endanger their ability to persist (Adger, 2009) , and 7 worldwide, coastal zones are recognized as areas under siege. Pressures on these natural 8 systems are likely to intensify due to climate change (Nicholls et al 2007; Ellison, 2015) . 9 10 Tropical coastal systems are some of the most productive, densely populated, and biodiverse 11 areas in the world (Halpern et al., 2009 ). While coastal areas are vital to the needs and 12 livelihoods of local peoples, human activities are, in many cases, degrading these 13 environmental conditions and systems in these areas. These stressors are well documented 14 and include: overharvesting of fish, seafood, and mangroves; habitat degradation and 15 increased erosion (due to aquaculture, forestry and upland deforestation), and rapid 16 development (tourism, pollution) (e.g., Orchard found it has been used successfully to structure environmental problems and serve as a tool 122 for research in coastal zones (Lewison et al., 2016) . To date, DPSIR models of coastal 123 systems have been used mainly to support and develop conceptual understanding of complex 124 coastal SESs and to identify drivers and pressures in the coastal realm. Several limitations of 125 the DPSIR framework have also been identified, including lack of explicit hierarchy or scales, 126 inconsistent use of terminology and unidirectional relationships (as originally structured) 127 (Gari 2015) . 128
In spite of these criticisms of DPSIR, a key strength of applying DPSIR to coastal areas lies 130 in bringing together different scientific disciplines with the range of stakeholders to derive 131 sustainable and feasible solutions (Gari et al,. 2015 , Lewison et al., 2016 The workshop was designed to build capacity in the ASEAN region with a wide range of 155 stakeholders through exposing participants to the DPSIR framework. The framework 156 provided participants with an opportunity to share knowledge and expertise to visualize and 157 organize the connections among human decisions, the pressures that socio-economic factors 158 create on the environment, and the potential consequences for provisioning of ecosystem 159 goods and services. Forty-eight scientists, policy-makers, and coastal and fishery managers, 160 reflecting, comparing, revising and discussing, leading to a corroborated consensus analysis 224 according to accepted qualitative research methods (Denzin and Lincoln, 2011) . 225 226
Results
227
The results are reported in two tables which are analysed and discussed in more detail in 228 section five. Table 1 illustrates each group's application of the structured DPSIR approach to 229 its particular issue, as reported by the groups (see figures 3-6 for examples of reporting). To 230 succinctly illustrate the complexity of the issues and causal relationships of social-ecological 231 systems characterised by each of the case studies in Table 1 In the crab fishery case study, the Driver was described as overharvesting of fish and shrimp 238 that occurred along this section of the coast due to the rising coastal population and 239 increasing number of large commercial fishing vessels. This in turn put Pressure on the crab 240 fishery as a source of local income and protein, and the State of stocks started to decline, 241 leading to fishermen with unsustainable incomes, moving out of the industry (Impact). Thai 242 regulations that restricted commercial fishing vessels from within three kilometres of the 243 coast were introduced in Response to reduce interference between the commercial trawl 244 fishing and crab fishery. However locals reported that some trawlers (often not from Thailand) 245 used illegal gear and the limit was not enforced, leading to destruction of crab pots in trawl 246 gear. The Impact -Response cycle was repeated as regulations that were introduced to 247 improve crab stocks, restricting crab catch in the spawning season, heavily impacted local 248 fishermen who could not make a living or subsist on seafood during these months. Not all groups responded thoroughly to each reflective question as some groups took longer 269 than others to accomplish the first task. However the reflection is considered to be 270 representative of the cross-section of participants, given the composition of the groups. Table  271 2 reports on the feedback received, which is analysed and discussed in section five. 272 This analysis of four coastal zone sustainability issues in Thailand (Table 1) revealed the 277 utility of the DPSIR framework to facilitate and guide systematic and critical thinking in a 278 diverse stakeholder group, multi-disciplinary knowledge exchange, identification of causal 279 relationships, the flexible application at different spatial scales, and the identification of data 280 gaps and actionable strategies. Further, each groups' assessment of their experience of 281 applying the DPSIR framework to a transboundary system (Table 2) help with systematic and critical thinking (Table 2 : Groups G1, G2 and G3) about their 293 chosen transboundary coastal management problems (Table 1) . While in a traditional DPSIR 294 model, the Drivers can be global, regional or local (Lewison et al., 2016) , in all the 295 workshop case studies, Drivers were described as matters that are beyond control of the local 296 area/region scale such as population growth (G2), increased consumerism (G3), lack of 297 regulation (G1), and climate change (G 4). These were seen as causing more specific local 298 and cross-border Pressures such as intensive fishing or overfishing (G1, 3, 4), illegal activity 299 (G1, 4), pollution (G2, 3), and land use change (G2). Resulting changes to the State are 300 typical of most models (Lewison et al., 2016) , reporting primarily in terms of the physical 301 environment: habitat decline (G1, 2, 4), water quality (G1), status of endangered species 302 (G1,3), and fisheries resources (G4). Group one was the only group that included a social 303 factor, community health. The Impacts described by each group illustrated the 304 interconnected social-ecological relationships and impact on natural and human well-being. 305
They included decline in ecosystem health and biodiversity (G2, 3), resulting in the economic 306 Responses. In reflecting about the training (Table 1) , G1 and G3 specifically mentioned how 329 DPSIR enhanced their ability to identify cause and effect relationships. Although not 330 mentioned by the other groups, evidence from workshop outputs (Table 1) illustrate that 331 participant groups were able to identify linkages between human activity and environmental 332 issues, such as the link between deforestation and coastal erosion (G2); or overfishing and 333 decreasing stocks and ability to sustain a livelihood (G4). While some of the common 334 Impacts identified across the case studies illustrated the inter-connected social-ecological 335 relationships, a major outcome was the recognition of the importance of social-governance 336 solutions in terms of education, awareness, and capacity building of communities and 337 government, as reported in the broadly agreed Responses. 338
In terms of this second strength of DPSIR, other authors have found that such cause and 340 effect relationships are often not recognized at the local level. For example Bennett et al. 341 (2015) found that although coastal communities in Thailand identified increasing number and 342 severity of storms, rising sea levels and amplified coastal erosion as major problems, they did 343 not relate these occurrences to global climate change. Lack of ability to make such linkages 344 can inhibit formation and implementation of successful adaptation strategies. 345
346
A third strength of DPSIR demonstrated from this effort was its ability to integrate 347 knowledge across different disciplines (natural and social scientists) and roles (science, 348 policy, and management) (Lewison et al. 2016 ). Participants reported that working together 349 in groups was considered advantageous in building a shared understanding (G3, work in communities, meant that common issues and relevant strategies were able to be 357 discussed. For example, the solution implemented by the local crab fishing community in 358 conjunction with an NGO in response to depletion of crab stocks represented an innovative 359 integration of scientific and lay knowledge and a lesson to all attendees. Responses captured 360 the need for better policy, community capacity-building as well as research, and placed 361 priorities and feasibility of strategies in context (Table 1) . G1, for example, indicated their 362 next step was to train more people in DPSIR and use it to support cooperation among 363 researchers, scientists, managers, and other stakeholders (Table 2) . 364
365
The final two benefits of the DPSIR framework that were identified were its ability to foster 366 communication and transparency among stakeholders (Lewison et al., 2016) through 367 simplification of complex problems, and identify knowledge gaps and needs. G1 and G3 368 ( suggesting that applying DPSIR would help identify which factors to measure and prioritise 377 resource needs (G1, 3, Table 2 ). Detailed research gaps or needs were identified separately 378 as well as in the Responses phase of the DPSIR application (Table 1) Figures 3,4,5,6 
